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(54) METHOD AND DEVICE FOR CONVERTING WAVELENGTH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wavelength conversion 
method high in conversion efficiency by including a step to output 
converted light signals, from an optical waveguide structure, which 
are produced by four-wave mixing based on light signals and one 
pumping light beam and which has different wavelength from the 
wavelength of the light signals. 

SOLUTION: Light signals amplified in an erbium dope fiber(EDF) 12, 
and first and second pumping light beams are supplied through a 
wavelength dividing multiple(WDM) coupler 26 and optical isolator 
30 in this order to an optical band pass filter 32. The converted 
light signals produced in FWM of EDF 12 are also supplied through 
the WDM coupler 26 and optical isolator 30 to the optical band 
pass filter 32. The optical band pass filter 32 has a band pass 
region including the wavelength of converted light signals but not 
including the light signals and wavelengths of the first and second 
pumping light beams. The converted light signals are extracted by 
the optical band pass filter 32 and outputted from the device. 
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(a) *±Wtft*A<K-?*:Kfc*»aM»it*a«-r 

(b) ±SB*3gijR«jS3!i^I»S«Sffifit-r*«fc3l=J:ia 
%93M«it > tf 1/ <7*t -5 * t -v ^ t , 

( c ) ±E3WaM*itl=3tefl»;Rtf '>«t <ttl cxT)^ 
> ^jfe fc*-A£A2)-f t- . 

(d) J^IB3tSI;K<lliiP»9lcfclti>±IE3fe<i#»^-hlE'> 
i<tt,1 •0<7)^>^e-AlzS-tJ<E*iR/1#l3j: 

[I«#a3] 111**1 icESUOTJjST'fcoT. 
[W*a 4] iS*a 1 izlHfiO^ji-Cfe-D-C, 

[19*31 5 ] i**a 1 KEKOTTj St? fcot, 

-tEx^-v? (b) tt±E*iH»awtti=>t<> 
*t»ifc-r s^-r v at? 

[»*a6] »*JJl5lc|EK©*itlffco-C. 
JtE^^e^-yajfctoOTjtliO. 98(/mfXIJl. 4 

8 //mS»iz^**i**fi*WLr*sy. 

±E«*»*I4 1 • 5 5 iU m S*t?*a. 
[M*a7] »*ai icEiEO^jS-CfcoT, 

[IS** 8 ] i**a i i;EKfl)*sS-e fc o r . 

±E'Xf< <tt 1 o©;K>:?3tefcf— Ali-tE^u— t-* 

[1***9] I**ai IzEmro^jiT-feoT, 
±E^ > T^ft t*— A<0 £ £<b * it Z> * t v \z 

[l**aio] jKSIE^rofctoro^fiffcoT, 

±E 7 -< / WfMttt** Sttftf -5 «fc => IchE K 

t*-A £ tt*St Sfctfx&fg 2 ©¥Si £ 
±S2K-^7-f/W:fc It •5±E3t<l#a. ULt E'J> ft 

<tti -D(D7K>?3tefc*-Ai-g-3< ra*5ss#i=<fe y 
^-rasa. 



[i**aii] 1***1 OI=E«a>tta-CfcoT, 
±EK-^^T-r/<li^i SSMSaSiStL. 
±ffif i <D*Kl*.tE* 1 i^iRtffll 2 4»©'>fc < 1 1 in 

■rH^-^A^^>e>^©f=«)©3t^±E 

±E*«*tt±E* 1 ttfr&JiE K-^77"</^=«$S 

±E*tt*«*tt±E* 2 ss^ e. as* $ *L«sa. 
[§s*ai 2] Kraal i tEtmstt-fcot, 

±E*2fl>#«l*-tE K-^77-f /n'OT^I 

$ *i * jfeT ^ -9- £ a*. 
JtE'>fc< t*j 1 0<D7^>^5tt*-AI*mi Rlfmz<D 

e-A^^. Km &i;m2rot*-A3fei;i-±Eiit<i 
#i*±E*^;u*^u**i=*yaa**L-c.tE«i *• 

[i»*a 1 3 ] i**a i i i=EKfl)8it feot, 

JtEm2CD^fSI*. ±EK— -J-PT-I'ttomi Wlzft¥ 

/ <l-»-fi $ *tr= 7 r -f / <y U— r -<Xf t 

±E'>ft< i: 1 1 OOTKv^jfcfc'-AI*, ±Eite^^ 

^U^-tMzJ: y±E*fi#t-&36a?*i-5'<#*1 ©t- 

[filial 4] is*ai i i^EKrosa-cfcoT, 

JtEm 2 <7)#iStt ±E K— zfy r <{ i <\zr*& $ *ifc* i 

MS20)7 7-f/^l/-f-f^$^. 

±E'>ft< -DO/H^^jte-Ali, ±e^i&i; 

n 2 © 7 t -r / w \s-*r * ^<f\z ts^x*ti?*i&miz 
<ty*i:-5mi&t/S2ro e-A ^ #tss„ 
[i«*ai 5] flt*ai i icEKosst'feot, 
±EH2fl)^si*, ±EK-^^T'T/<a)misaai;m 
2 *ii=-t*t-f 4i**wi=«waF*i*« i ai;^ 2^77 
-</V?is-T-<^<ft. ±saiim77-f/^u-f^ 

±E'>ft < 1 1 1 -oOTK^^f-Ali, ±E*T/U^ 
7^tl:J: y^Eit^ir^iKSn-S^^m 1 (0 if— 
A<t, ±EHR0:i2©77'f/^l/-fO^l: 

fcitssEsicd: y £i: *m 2 rot* -At $#t»a. 
w#H6] »*ai oicE«rosa-cfeoT. 

±E K-^7T^/^|-:^MI^tSI$ti±E^gS3feli# 

[W*a 1 7 ] is*a 1 o tieifflgi-cjint, 
±E K-^7T-r/N-|-;5t^fi«ii-:^St$tt«)5t7''r v u- 
-si £iii-:fflx.fc^ao 

[i**ai8] w#ai oi-EKro^ax-ft-DT, 

±E K-^^T-T/^lix^e^A K-7"77-T/^fc 

y, 

±EIS 1 O^ffl* 0 . 9 8jUm«XI*1. 4 8/l/m«IC 
^^■5«fi$*-r-i)3t£ J:Ex;ue-t7A K-7"7 7 -f 
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[11*31 1 9 ] M 1 O irSEKcD^ST? fcoT, 
±3E K- 7 r A@^^ni>7i;u-;u$Ml~ 

[SIM2 0] 1S*JI1 9l=lEK<DgaTfc^T, 
_tS5 ? x JifS K— T -T / tofftl^SiSfc® 1= 

*t LTlti#J Lfc4S® Lt l^ga., 

[lf*«2 1 ] lf*iSl 9l::|E®0>=gaT'fcoT, 

[11*312 2] lf*3l1 OIZfEecD^a-CfcoT, 
±15 K-^7T-f/<l*7-v(btSl7T-1'/<l-<i:ytl«$^ 

[ii*3S2 3] si*3S2 2i=teK(»^ST*fc^-c. 

±S2*±^<t^roSSI±5 0, OOOppmCUtt-fe 

«am. 

[11*112 4] lf*3*1 OlCfEKOT^Sr-fcoT, 
±E K-^r-fy n*I*«K«}#7 t -f / n'Ic J: y 

So 

[1S*3S2 5] 1S*3S1 OI-fE«OT^a-C'feo-C, 
[1S*312 6] lff*3l2 5l~S2«CDIgaTfc-?T, 

±iB^^3t^!«Mi**7T'r/<T-&-5^ao 

[lf*3g2 7] lf*3S2 eiZlHKOT^a-Cfe^-C, 
[If *Jg 2 8 ] If *3S 2 6 lC|B®(DgaT' ifeot, 

[11*31 2 9 ] If *3S 1 o lclB«CD^atr o T . " 
±IE'J><f < 1 1 1 ■oO)7K>^ , *t*-AI*7r-rAyu— 

[if *3S 3 o ] is* in o i-fSKro^ar- Sot, 
±e» 2 cd^si*±ie h'—zf? t -r /■crom i tn&tf m 2 

2<DK#HMIll::i3lt y£C4«**t?*«. 

[»*« 3 1 ] if *js 3 o iciBKoga-e & o r . 

STLTl^iga. 



[000 1] 

a&tfisai-is-f *>„ r -</ a e&sasii:* 

$-&-5f=to<0ttffii: LT, «fi#91£S (WDM) A<£> 
&„ WDMaqSffl$;h.3v;*^.Ai::fcl'>Tld:, Mfc-SK 

r ^aiLirsp-r -s c 1 1= «fc •3-c#e>*ifctt««!)*«* 

SfgfflTIi, gltfcWDMfl^jtA^^^^^U 

aeatsa £i§* $ * s c <t a<t £ * o 

[0 0 0 2] CCD £513, WDMfigvXfAli, fiiii 

§a £ ns&w \zmx z -a- •& ct a<t- * -5 am -> * * a t 
lt, mns.if&mittfmftztiTi^, l^l, 20 

^§aroejiiv7.^A^3a¥a*iicfliffl-r-5fc«)izi±, * 

[0 0 0 3] WDM£$Iffl-f -Sdtl-cfc U. *l=eal^ 
a^^$t±^)f£ltT'EC < . - KI=*5t>T;-ffigl=J: 

±*v7.TAi:^aa^1•ltt.4^Tt^^„ ^g^girofcto© 

^5*&t/^aii, -5^ofc^jK^.<v 
[0 0 0 4] 

m.%<nwm fil*ftit.^Tt,>^<Di*, egjtjKsi^ (f 

WM) £ftJfflLfc; - Rg£&Ofctf><D^;£T&-5 <> FWM 
l45t©3^<75|^»ia^T$)-5„ 3tA<*^fll-ASfr 
^(Oitl*, ASt^Elc^oT^^Hi)^^ 
S*©»«®)SPi:<7>fflS^lz«£oTfe«S-ri)c -« 

i=, m^Et^ffigproia^ii^xeT^stT-^o 

[0 0 0 5] 

P=£0xE + 2dE 2 +4x (3) E3+ 

3Sli^tt^^rST'fcy, it&B*Jillv»iiOTi<t 
TI4»SSai4«^l-Jtffi|-r5wi:$^LT^§o ®^ 

jp-f =t5i::4--5. m2Jii*2^<7)^^*!im^^'riST 

*y, 531 (S i 02 ) <OJ:5l=**W«*-C**ltfC 

[0 0 0 6] S^ro^jg^a^^^-riSMI^SiRSStA^aj 
1 , oj2 . ai3 0> 3 oa>3fc£Atf3" £><!:. 
E (w) = Eiexp ( i aii t ) + E2exp ( i u)2 t ) + 
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E3exp ( i 0J3 t ) 

■ca**U- 3 p = 4* <3) E 

3 I*, (W\ +CU2 + OJ3 ) Rlf (CU1 +W2 - 6U3 ) 

0)4 = 0)1 +0)2 + 0J3 
0J4 = Oil + OI2 —0)3 

y 4o <k C ?> izff L C -5. *SS«I*K1± 

[0007] unco (a) xi; (b) it^mmotztt) 

*j*l*IMt»**aWt L-CHl CD (A) lrjF$*fSJ; 

*ss§ 2 i*3t $»jffi-r fc toojfttJi 4 £ =fr l x f -5 „ 

[0 0 0 8] MXftcus a>ff4%£JIIXft£UP (DtK>:7 

^rojfeic, ffljRia (2wp -ojs ) <m4*§*&3fcj!><¥ 
[0009] m2fl)^i*sno (b) i-5F$tL-5J=a 

?1 OI*Sffr^flilzJ:-o-CStt$^^c 
[0 0 10] DFBU— tf 6l-fcL>-Cli, fSfi.l=«fcy7K 

>WMLTL^4C0t, It-f-jfc^D FBI/- tf6lz 

A^l-f **£ It -C&tB^&ifcA^ * *i i>» 
[0 0 1 1 ] 

HMIJjMWftLJ: 3 El 1 <D (A) »tf 

(B) l-J: y|ftBJLfcft*<D;«gft&<Dfctt<7)^re 

tZo 

[0 0 12] mtz. *m&ikmt%&2RVDFB\s—f 

* /jn $ < hp x fc± -r-o* 7 r -c / < t <D&m#®m x & 

[0 0 13] MIC 1*1=13 1 © (A) l=*$*i-5#*tt; 

b (4ffl*!Sjtl=;-ft^«-r 6 f= to l-'-K > ^* * tt 2) -f 
y , S1MftJ&A<4Mtl=tt« «!: 1*5 IBM 

[0 0 14] &-z>X. **BJ(D@B*Jli, &8W8)2pa>E5l* 

[0015] ^ssB^roMi-iterogMi*. mf$.tfffimta& 



[0 0 1 6] 

ifflfcfecoSiitjoot, (a) #±BHtA«j*«K— ? 
*#ifc*»a«ia*«*-*-4^TV^i:. (b) ±12316 
«;-KaiSA<filS»JlE*ffitt-r •& J: 3 l=-tfE3fc3?afc8lj££ 
^>t°>^-T§XT-^^i:, (c) ±g5jfc3i;£l»&l=3fc 

<rVJt. (d) ±fE3t«;S«iertl~fcl+'i.JilEpt<i# 

;«;I^I=«J: y^±Lf=. ±123fe^CDfcA<fcflfc-aiK:§: 

v -f £ *m x. fc75;i $ *i4 . 
[0 0 17] COT^ST'li. 

Tfi«$;h£*]^«l=£3m3;£A£*LT^-?>it£ 
l=, Htm^RU'PU< £t 1 ^©tfv^fcb: — ACD/^ 

-*<;g*y, i^^3asA«a*H<)i-^i:-v^-<'Ef^<D 

[0 0 18] a£L<l*, 3fe^;K«jtl*. r'T'T/N'^U 

£& 1 OCD^>^3fet*-Ali, 
-c >yi-fclfi,f§Slc,i:y^i:i)5t*#t;CJ:A<T?#S 

(dx. fBJUftsmic j: ya«***ff act 

[0 0 19] ^IC, 77-f/Vl/-fO^»^U-f 

*ot, 7T-</^u-T-r>^i=fcitSflffii=«J;yi# 
*ftZtf^yX\~-M>OilSLg:2mitZit&=.£tf-TZ£Z> 

ox-. %m^<r>$L&£^zf%\£—i±<n : &3i£<r>mm~ 
i*. mu£, 77^/^u-f-r >-yrosg*^t$i+ 

-5 C £ \z J; oT^1b$-a:-5 C <fc*<T?# ^>„ 
[0 0 2 0] cro.fc-51-, ^>^*tf— i»(D;KS$ffi1b 

z-e$>z£\z&ix. %A9&t;fttt%«4n<nKn» 
^a«-r ^ * 7 i=±e k- ^7 r -< / «s tk > e > 

'>&< 1 ■o<D#>7*m-M.&i&&TZtzih<Dm2. 
<D^m£Zffix.. JLE K-^7r-f ><P*iI=*5(+^>_ttH3fe 

[O 0 2 1 ] 

[S8BJ!<D3?IS<D»SS] KIT^Bfloll^Lt^llJSro^SI 

^saBicsiB^-r^ 0 H2&i;Ei3icj:y s x;ut* 

7AK-7"77-fA (EDF) Icfclt 5BS3teSiI# ( F 
WM) ©H±^5IKLfcl|gllc-0l,%rlftBJ-r§ 0 E12I± 
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[0 0 2 2] SfiOU- »f^^"-KlC^y^|R37K> 

tf^vzfrxi^Eo Fo-mzm&itm&mii (wd 

[0 0 2 3] WDM^It 1 6*<DL/— *y-f^-— K3^ 
6ffi**tLfc*«#*ft^rT^T-*-* (ATT) lz<fc 
y^-BBLfcB, 7U^atS^U-fO? (A 
WG) lzJ:y^«-r^c:i:lcJ:o-C#t)*ifco 
XftAi . Ai6liXft«hJi-CftKn-lz«MRIil=tt£ 
SftWl^te. 1535. 8nm, 1537. 4n 
m. 1 5 3 8. 9nm. 1 5 60. 1 nm*T?fco 

tea 

[0 0 2 4] 37^-r7— KTK^tfV^ffi&t//^^^^— K ' 
7tN°>e>^ffl(7)^&^4^CDU— -tF^^T)"— Kl*. 146 

0 nm«(D2^U- tF^V*— K<h. 1 490nmg 
<D 2 £(7) U-" -f K t IC ,k o Titift $ ttfco 

[0 0 2 5] H3lCfcl^T* ASET^$^lTlN^(D 
I*. «**ftfcfi«*ai* (ASE) <DUt£t>tste*s< 
^h^tfcy, 1 533nmj«Ml 5 58 nm#jfi 
IC 2 0<7) tf— * L"C 

[0 0 2 6] ZCDASEX^ h;U:S§WDMt^$ 

tu^ck^izi 6^^^;^(DWDM3fecD^l^^^<7 h;ua< 

5 3 5 nmttifi(C££f-'jN£fc*'<<7 MU^fey. C*L 
[O0 2 7] B4tt«:«nizJ:«atAXtta)frtf)a>^ac 

A^u:m2iSi 2BSft5x;nf^AK-^77^A 

(EDF) 1 2IC*o-C««SF*LTL^*. 

[0 0 2 8] EDF 121*. EDF 1 2tf«»f*i» 
#t-T^J;5lC7K>t 0 >^$tt€)o EDF1207t>°>t°> 
^l*. 0. 98/imS (0. 9 6-1. 00 U 

m) J&4IM41. 48jt/mS (1. 4 6-1. 50/i 

1 2 B <Z>/>fc < 1 1 L^tt^-*^ b E D F 1 2 

[0 0 2 9] 1UT\ C<&^>fc°>^Wctoc7):te£FWM 
EDF1 21*. mx.it. V>^U^— K 

[0 0 3 0] 7K>fcf>tf*a>*«£0. 9 8/imSM 
/XI41. 4 8/im«l:!SStSCifZ < ):ot, 1. 5 
5 //m**t?«f»W*3b<»&*L*o 1. 5 5^m«lCfc 
It £ V U * ? T -< / N^ti^li/J^ $ L^t . C 0)*lj»»lgc 



[0 0 3 1 ] ED F 1 SK1«1 2A^b, 

A (oil ) <Z>5fc|g^£. iSfiA (0J2 ) fl)*1fl)#>? 
5fcfc:-A£:, ;MA (tu3 ) <D«2 0>iK>^*fcf-Ai: 

[0 0 3 2] A (ai) fcl^SIEIi. SittCk (ftfflift 

*. ED F 1 2WI = a3lt4*«*3ttfl-«1 Xtf*2(D 

4o *«*«#<D»*I4A (CU1 -0J3) X 

I4A (an + cu2 H-OJ3 ) -efe&o 
[0 0 3 3] ft. Oil =0J2 -Cfc^iSB-l^li. 
#(DSK*14A (2 an -CU3 ) XI4A (2wi + OJ3 ) 

[0034] ««4»tteafli#izcfcyKn**iTu>-cti 
*«#*ea«*=«fcyKH*nrt^«a)T. 
[0035] i**3te«#a>* 

**tf»tt4C£<B*l::J;oTBe**i«. ttoT. # 

»sti;iz«iai;»2<D*>^*e-Aa)#-«rtt, ed 

F 1 2lCcfeoTll«*tt*?iJ»»«tlC**#t4»*S# 
LTl>£o CO)*** EDF 1 2K:AaLfc*«#a£tf 
ICK1 atf»2fl!)*>3f*tf— AI4ED F 1 2PT04MI 
£*l£0)-C% i»aSLfc»*MPlcfelt*«»ElcB-r 

43ao>*s«»wi-**<-r*ci:A<i?*4a)-c. F 

[0 0 3 6] /K>fcf >^*I*ED F 1 2lC-t<D*1«H 
2A**&«f6LT*.fcl*U m23Sl 2B^&**Lt 
*J:lvU *4tM4«l4Bl 2 A&tfgl 2 3ffi 1 2 B(7)3X 
*3^&«»LT**t^ 7H>e>^*^*1«1 2 AA N 
bED F 1 2 {Zi&l&Z tlZmSlZit. EDF1 2WI:fe 
li « ?H > e > i 5fe^l#M tfi:«lfttf»2fl)*>^ 

* if — a t jmb i: n * ic^fis-r -s cr> t? -7 ^ ^ - kth > t° 

>ytfty, 7K>fcf>^3t*<»2flBl 2B»6EDF1 

3Sb1 2AatfK2S||1 2 BOH^ 6EDF 1 2!Z«jS& 

[0 0 3 7] EDF1 2(4«58«l#7T-f/< (PMF) 
l3*y««**tT*J:^ 0 CCDlf^ED F 1 ZtoiZft^ 
X %m^MlS\zm 1 RIfK 2 <7)tK> e-A0)flBB 

T?, FWM.*»*WlC36±S-ti\ *«#3^ 

[0 0 3 8] H5l4*agB^IC<fe*»ftffilfta)fc«)<7)^ 
(DB2BIS»ffl*KWr*fctofl!)B^fc*. 
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ED F 1 2<D-M3Ut±mZ7T<<( 'Vfis— T 4 >^F 
G3&TO*4ltl^. FG»SStlt^^,EDF1 2 

fi^r*o>^b— r-r >ye**i=j:y****i*s» 

>^*t-Ai LTffll^b*lTl>«. fill*.. EDF1 2 

icfcL^r^i:fcASEa)5*>a«A (wa ) <7>ja;#<D3£ 

*3ft«U— !f«»cJ:y»L<K<tty, A (co3 ) 
(D m 2 CD tK > ^* fcf — A b *l 4 ti <D V fe 4 o 

[0039] ccDHJSJ&ffi-eii. KfiA Ccui ) <n%m 

1 2A^6EDF 1 2lC0M£**u K2<Z)7K>^5te— 
AliJKl MM 2A^bliEDF 1 2(zl4«*S£4x£:^o 

U-if %g I z cfc y 2 0 7fs > 3f* fcf— A *<« b *L 4 O 
V, EDF1 2F*3C:fc^-Cl4. ftit^&tflcm 1 RlfWi 
2C7)7t^>^e-AlcSo^WFM^±L. 

«E^ffllcj3(+*a)iH«lC. A (Oil + W2 -0J3 ) X 

I4A (6U1 + ) "Cfe4o 0J1 =0J2 Tf 

fc^ii^lcte. XMt%it#<0X«tt. A ( 2 an — 
6U3 ) XI4A (2oii +6U3 ) Tfc£> e 
[0 0 4 0] Z<D£5\Z, m2HjS£^ST*(4. EDF1 

2 & * 2 ont^yyt 

[004 1 ] H6tt*»KI^J:*a*JtSka)fc«>a>*ft 
ED F 1 2 IZ 2OC0^r >?FG (# 1 

FG (#1) fCfcl+SU— 1f»«l=J:yS»A (cu2 ) 

>?FG (#2) izfclf-SU— >f««l=J:yXSA (oj 

3 ) C0m2(D7^ o >^3fee-A*<^#b^^Tt^4o 

[0 0 4 2] {tot, KfiA (oji ) (D*«#/£Jt*E 
DF 1 2lC^C0mi3»1 2 A^b^-r^CtiC^oT 

»ft«-^G>«*I*A (ail +0J2 -oj3 ) X(4A (oji 

+ CU2 +CU3 ) T?fc& 0 

[0043] zn&oiz. m3mmmm\z^^t. mi 

&tf82fl)7K>^«lf-A^«^ E D F 1 2C:ttte 
[0 0 4 4] H7f4*«Ml3j:*aftJ6«a)fc«)a)jS« 

*i<H4i=j:yiftMLfc*a*3i«-r*fc»rc«fli-r* 

[0 0 4 5] EDF1 2(J)JI1i1 2Att«7-f Vb- 
> 1 4<DA^37K— H4*^;b^:7L^+M 6{C*^M(C 



[0046] 3fc^;b^:?U^1M 6(4. mi&tffB2CD 

A^^tt-F+tffl^i-rsu— ify-r ki 

8M20i:gi?tl^)WDM*^72 2t, WDM* 
2 2lCffS!$;ft£t 5 1 O0WDM*?7 24<!:$ 

[0 0 4 7] mi ai;»20)7K>?*t-AttWDM* 

^5 2 2icj:y*a»aF*u ^js$^^mis.i;m2a)* 0 

> tf - AI4W D M ^ 2 4 IC <fc y # t S? 

*i. *a*ttfc3t«#stWcKiai;K2a)7K>3f*bf 

-AI4*r-r Vb-> 1 4 Slot E D F 1 2f::#*S$ 

[0048] ED F 1 2 £t^> tf >^ I:: . ED 

F 1 2 (Dm 2 ffi 1 2 Bid*. WDM^?726S^L 

mztix^&o L/—- vy-f*— K2 s^ba^^tifc* 0 

>tf>^3fcl4. WDM*^72 6$IotED F 1 2 Iz 
^H2ffl1 2B*>bM$*l«>c ^ot, EDF 1 2 
(D/N^y^^-KTH^t^yiC^y. EDF12I*«»* 

[0 0 4 9] ED F 1 2rtrzteL^T«MB$*Lfc*«#a6 

t/(cmi &t/m2<D7K>^3te-Ai4, wdm^^2 

QRU%T-( V U — £ 3 O £C(DjiIlc£oT3fc»tI&®M 
:7^;b$ 3 2(Ctt$g$tl4o *fc. EDF12P^(C*5lt 
4 FWMlZ^ LfcSMIttWDM*?7 2 6 

jslxs%t-c v u-* 3 o sz<Dmciior*?if*aa^ 

-f ;b£ 3 2lC«^$tl4o 

[0 0 5 0] 3fe*Heji^^-<;b^ 3 214. MSLXI4. 

K»ft«*©a**^s.o*«*ski;i=» 1 at/* 2 

y. c*LiZcfcy*»**#*<**«Kiii7-fiu*3 2i= 
«fcyaffls*t-cca)«ii^6ai*sti4. 
[0051] ara*auvift%A«^&«#i=* y x 

HS*lTl**»** mi &t/m2<D7H>^3ttf-AI4St 

<ticj:or. snr (fli«Mtt*ifc) sa»ic-r4w<t 

[0 0 5 2] XttftOTS* « UTfeftfl) 4 (D-C**i 
14. ft**RBih^-r ;b*-ta)te<D*^-f ;b*****a 
a^-r ;b* 3 2icftx.rffli^-ct«fei^ ccdhssas 

S^Zfct^T. *7^7b-*14atf3 0*ffllWi 
(DI4. f^J^#*lt$attLTt^4EDF1 2 

g«5fiA<«tfiE $ tiT?nf a«:«anfwtf ± c * c t * 

[0 0 5 3] 3Wl#lfcWz»1 JW/»20)#>3f*tf— 
A(DjRS*<EDF 1 2(CcfcorJI«*ti4filf#»«IZ^ 
**l4*i^. FWM*ja*MlZ*±aF-tt4Ci3W-C*4 

It E D F 1 2 $S^tfe U , EDF 12 
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[0 0 5 4] B8IM«nizJ:«iKftX»a)fctf>(DeB 
[0 0 5 5] ±B*aLT*«WlcB-a>*»lcttB- 

(cos ) a>jK2a>*>^**u— if»wcj:y»*fcft 

Tl*£. B7l3*£;h,4*2(D7K:/^#(Dfc 
[0 0 5 6] JH*MlZli % *7jUf?l/^1 6' I*. 

u— ify-f*— ki 8^bBasnfc*fiA (cu2 ) <& 

mi ©#>:?*fcf--AfcS»A (tui ) (7)#<I^<>: 

y. wDM*^2 4ir<fcor^afi**ife*<i*&^« 

1 <D7K>^3te— Al^ofcT 7 ^ VU— * 1 4 ^lotE D 
F 1 2lZ«^^tl^> 0 

[0 0 5 7] ZCOH^ffilCcfc^^. B7(Z^$tL^>m 

iS81fi»ffl^<*:y»&*L*ja*icjiin7L"C. \s—#9<<ir 

[0 0 5 8] B9(***IBr=J:*a**«<DfcAa)«« 

<DW3j8jE»ffl**-r^p^^B-e**o c(D^aiiB 

12^2^EDF12 (#1 »tf#2) dttWiFtU 

ctt^coraicatT-r vu— ^ 3 43&<Hi+b*in^o e 
DF12 (#1M#2) irii-tn-etL^T-r/^u- 

[0 0 5 9] U— *f$r-f:J— K2 8^ibttS*$+lfc^> 
tf>y*l*. WDM*^7 2 6 flotE D F 1 2 (# 
2) iai0W&$*L*jb<, EDF12 (#2) $»»Lfc 

#>e>y*ii*7-fvi/-* 3 4i=«fcyaBf**LTE 

D F 1 2 (#1) lCli#&$*USl\i tCt, E D F 1 

2 (#1) li, WDM*^736?^Lt, EDF1 2 

(#1) ^fctocz)7K>e>^3fe*i±i*-rsu-ify-<* 

-K3 8I=*|BS*L-C^*. 

[0 0 6 0] u— lf*V:t— K3 8^&ili**nfc?H> 
fcf>$fftl*, JfeT-f VU— * 40 eULfcXS A (oj 
1 ) ©*MtWDM*^5 3 6l;i«fcy*a***U 

stifc3t«#ai;7K>e>y»i*EDF i 2 

#2) 

[006 1 ] 7 7 U— T-f >^FG (#1) Kfc 

l*ti*, u-if*»c*yaftA (^2 ) <aigitf>7tf> 



2) tf*»=*9a*A. (0J3 ) <Z)m 

2<D7K>^3fctf-Art<*±'r*. 

[0062] EDF12 (#1 &tf#2) l*J tl 

fc*«#iiEW=«iat;»2<D*>^*e-Ai*. wd 

*»«aa7-f^*3 2IZflWft**l*. *fc, EDF1 

2 (#im#2) wicfcur FWMiCcfcyss^Lfca: 

»ft*f tWDM* ^7 2 eatfStT'f V b-* 3 0£ 
[0 0 6 3] f Lt, *»*iia^-f 3 Zlzj: y« 

Ul**tfcJt»*«»A<c:a)««^&ffl***i«. -con 

jfij^ffiiz^^t. B7iz**tt«*mifi»«iic*y» 

[0 0 6 4] Bio(i**ffliwck*a*ft«(Dfcto<DS 
»(D*4*ifi^ffl*^-r^a^*B-efc4o Bsd^S? 
4l*SMS»»CfcL^TI4. EDF 1 2ic^fig$ttfc^r 
*f/<yi/— T"-f >^FGfZfcl*5#*j«&il ( D F B : Di 
stributed Feed-back) fc«fcy»ft A (cua ) (0^2(7)7^ 
>^*tf— AM8£LTl*5G>i::**LT. Bl 0(zij*£ 
4l*»4**»«-Ctt. EDF 1 Z\Ztti-?^yVBL» 

(DBR : Distributed Bragg Reflection) 
Ctl^cfey, SftA (cua ) <DK20)7K>^Jfee-AS 

[0 0 6 5] *<0tz&\Z % CO)88Jfifl&II"C(d\ EDF1 
2 011 ttl 2Ai*7^Vl/-* 1 4(D£iJ2l7K- hd: 
(DMlCl4^T-f/<^L/— T--T >^4 24<&MlE£*lTft 
y. EDF 1 2<D*2*1 2Bi:WDM^j^726i:(D 
IWlCl47T-f /VU-f-f >^4 4j&<»«**itu*o 

[006 6] ^T^A^U— "r^ ></4 2M4 4CD& 
^a)-?TV^S»aftl4A (cu3 ) "Cfc^o CCDHJgffS 
fflrc«fe4i, ED F 1 2<DBB«lC2 0<DSit* (77-f 
/WU-f-f>y4 2M4 4) *<Klt6*tfc**«» 
«»3S)<»6*l4a)-C. EDF 1 2IC*5I+«U— •fflSJIlZ 
•J=yK2flO*>^*tf— A^**L, B8l^$*l<&3t 

[0 O 6 7] Bl 0\Z7f;£tlZ>7-r'< 'Vfls— << l/V 
4 2 AIM 4 left*. ED F 1 2<DiS«IzH:l+6*i4 

Mffl*tt£*L-cjsy, s»»m^»i+**»-cky 

<&<> *s»»a>a«iiRi4*TOcL-ca3<c 
ti^or, %it«&z;K»ftii«ma))iiiiseft£n>if 

5te¥? -f vu* ^(DAitft $»b*t4 zt\z& y Hffl-r 
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[0 0 6 8] Hi 1 IttftVliZj: &$Ltt&Otz#><D9t 
3fcT<< V U— £ 4 6 d:WDM*?748 ^OTJED F 

soiz^yffittu ED F 5 0%#> e><f?&tzib\z 

U— "fy-f K5 2fWDM*^74 8lZj£|8ii;Tl* 

I5WDM*^7 4 8?I^TED F 5 0lZ«*&**t4o 
E D F 5 0 |ZI4:7 7"f /<^U—T-f F GtfJMEdtl 

[0 0 6 9] iSfiA (0J1 ) (D*(l*ift7-fVb-* 
46JIotED F 5 OfZflM&£*l£ 0 EDF50(0g 
JliEDF 5 OrtlCfc^TFWM#£C^a>flJtlC&< 

[0 0 7 0] *«*at/»ia)*>^fte-AI4EDF 

5 0 6\6WD M 4 8 & tf 3t7-f V U-* 1 4£Z(DjlI(Z 

iot77-f/Vu-f-f>y4 2i:«i»sti4. y t 

ls<f4 2 £.1/4 4MICEDF 1 2 £jfl 

A##8±-r*jfttt* Hi oiz^£*i*ilJSfl2 

[0 07 1 ] C<D3«fifl2BIZ<fcoX** HI 0|Ztf£*1 

&mmBBtmm<Ditoittf'&*tiz>o hi 2it*mmz 

<h«tfcLT. EDF1 2JZ**ttlZ»Kl**t4jM»»* 
£ G ^tfcWlZf*. «77-rA54li*7-fVU-*30 

£#*«aa:7 -r;u* 3 2£(DrHlz8M*$*i*p 

[0 0 7 2] 3t77^/<5 4tim 

*<blxi>*. mtzL<it. ^^t^/n'5 4I4. 

k mOBBOBSftttS^il*. 

[0 0 7 3] M*L<I4. EDF12Sf5Lfc 

-f/«=j:ya«**t*. zomnmmiz&zt. edf 

1 2 lCfcl^XB«;S*lfc*«*Btf IZ» 1 2 <7)7tf 

>?*lf-A36^WDM*?7 2 6fttf*7-fVU-> 3 

o * c (?) ji i z a r> x tft y t -< / < 5 4 1 z tft $ *i * o x. 

EDF 1 2WlZ^XFWMA<±i:**:tt-Xft<* 
7^/\'5 4fl|Zfcl^X* FWM^±i:i)(Dt\ 3fe<l^ 

6 ££3fc1l9"t 0>X£*t * * *» * Z t *<x * * o 

[0 0 7 4] C(DS«B»«|-ett. IM*»**»»i: LX 
<0*7r-f/<5 4£. WDM*?7 2 6Si;*7-<Vl/ 
-^30^LTEDF1 2lZft*s»lZ»*Lrt^4 



*<, edf i zt»mmiemnta>ma>m^^< 

»xXfc*»*£»z*to*fctf>iz. 3MtK%¥«K£ 

EDF 1 2 00^2*881 2BlzB«»8tLXt,<fcl\ > 
[0 0 7 5] fS. 7T-f ArtlZtel+S*^^— 

ttxffift»*£W<-r*fctf>izia, EDF12XW7 
7^/n*5 4<Z)#*I46 //mJfilT0^— K^-f — ;U KS£ 
*LTl**:ii*<a*Ll\i 
[0 0 7 6] ia±KBLfc*BB»Bl::fc^X. EDF 

1 2WfzfcL^S»*MlzFWMS*±$ii:4fctf>lzi4. 
ED F 1 2 0>:g$£l 0 0 m JiLtlZ-f 5 Z <t L 
l\ Hi 3tt««gnizj:«JK«ft8ia>feAa)ttBa)]R7 

HJS^ffi^^-rHTfc^o ZCD^®I4. H8IZtf£*i£ 

SJEflSBXIiffl itli 7 t 4 / WMlz J: y »« $ *tX l> 4 
#7*fVL/— *14. EDF 1 2 . WDM*^726S 

v u-* 3 oiz^ y «&*i*tttt«tt*fctf>a> 

JX--/ h£/\^v>^5 6fllZ/^U$Slzj*#LXl^ 

*o 

[0077] /^^>y5 6l:li*77^/N*5 8, 60 
lklS 6 2 4<B3eS*LTl^«. 3t77^f/^58M60n 
|Zli % U>X64, 6 6, 6 8atf7 0lZcfcy*BOP 
1 3&<fl3fi£$*tXl>*o *^T-</<6 2!ZOt,*Xf4 

U>X7 2lZck yftBOP 2jWBfifcS*LXl**. 3fcS§0 
P 1 MOP 2I4H8IZtf£*1*WDM2j:7^ 2 6 |Z» 
fct * W D M ± Z?=7 7 4 IZ cfc o TiS^ * *l * o 

[0 0 7 8] WDM*?774lt ttittf. B9JBK 7 
6 ±IZ^m<**H^7 8 *K*&thZ- t IZcfc oX»&*l 
£ c L/>X6 4»tf6 6MlZl4H8lZ^$*l**7-f V 
1 4 (z*fJC-r 4 Jfer-f VU-J 8 0*<ll(t6*LT 
fey, WDM*^77 4^UJU>X7 0ftfjlZ|£H8(Z^ 
ShS*7-fVU-* 3 OlZ»Jtr**T-f VU— * 8 
2A<»(tfetlTl^o L/>X6 6&1/6 8fffllZ 

14, H8IZ;f$*i*ed F 1 2lz»«rr*»**»B^ 
8 4^Klte»*fCl^4o 

[0 0 7 9] XSKBB7 8 4I** *»SBq a p<hLX»tt 

S. Hi 4I4H1 3lz^S*i4a*«»iR?-8 4(D»at 
**0)HHHIB-C*-B. 77-f/WU-f-Oi^F 
G36<ffi^*+LfcEDF 1 2' 7{J<S«$tl^o ZZT(4. 
EDF 12' (*^^<b«S^T-</<lZ<fcya«$tLT^ 
^>o ^^<b»^T-</<lZfe^T(*, Er (XjUe^A) 
^^(7)K-yN 0 >hSBilJS(zK-rfLfc<tLTt K— 
hlZj:«tka*<4i:iZ< EDF 12' 

<-ri>z^^r*#*o »»wfz[4, edf 12' &mz 

£ 1 O cm^T(zS< Lfi-3+»a**«ll»*#-Bfc* 
IZI4. K— 0 00 p pm&±\Z?*l 

«L^T, EDF1 2' (4v;Uzi-T. ^f^X. 
^ J r>U7.^t>^^7x;U— ;U8 60*ffl?L8 6 AIZ« 

[0 0 8 0] ^-(7)^, 7xJl/-^8 6^I8 6BS(/ 
86CI4, EDF12' (DMlzBK«:9 lz*f LtflWt 
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5<fc5i::Wa**l4o fit, Sn5 8 6 BTklf 8 6 CCD 

i^mn&§>mm^fr & <c « s*ti»itBH><» j* * *u 

[008 1 ] WH1 3£#raLTC<Dgg<Dl()fE£ift 
B^-T^o &SA (oii ) K* A (cu2 ) (Dm 

-*80*i^tiSfi»*f 8 40EDF1 2' I3« 
•&*ti€>o *fc. 0^L3t»:l^>^3te3S*>e)(D3efiA p 
(D7K>t 0 >^3fe^WDM*^^7 4S^LTEDF 1 

[0 082] EDF1 2' CZ&l*Tti:, Z*L$"eCD||ffi 
»Hlz*5lt*fl!)i:ni:j:5l=LTa««A (oj3 ) (D!g2 
If- A j&<|B*fcU EDF12' rtlCjS(t£F 
WMIZ^ y ««*ffll*35<*±-r «. 

[0 0 8 3] «fi3E»£H=-8 4^&(D3t(i-^36l/lcSSi 

atf*2(D*>^*if— Aatr;ic*»*«#i*. wdm 

[0 0 8 4] ZCDUffi^lCcfc^Tt, cti^r*(DHJ6 

att*a>m4ttaaa4^«i=tt«. ^icccduse^ 

ffll-ei*. ^^^8 4A<m2teCDa5D a p<tLT^$tl 

[0 0 8 5] ^x;U— ;U8 6(D4ffi®8 6 B^t/8 

6CI*EDF12' <Dl*l::SBttffil-»LT«ttLTl^ 
^<D-Cf. NllE8 6B&tf8 6C-l=d3ltSSIt^ttJtd 

*u a«»*^8 4icfe^T^Bfatt*a^±i:*fc 

[0 0 8 6] -«lC^^ft*^7-f/<l**»tt* 
3fLTl^(DT% ^x;U— ;U8 6&lKffiaLfcfS^<7>JS 

[0 0 8 7] J2l±BMBLfcSt>S»«t?tt. *77-f/W 

(DT% Si <D7K>^3fetf— A(Djfifi&V/Xf*»2<D7H 

[0 0 8 8] ISLtHnLfeXlkM'Ctt, *±HHt**l 
# K-^* *ifc*»SS«Jft4: LT E D F *«fci y 

I*. Nd, Yb*0)ilfc<D»±*ft*1fcA<K-^**tfcK 

*Wiaii*77-f/<i:J:otJI«S*i«: 



[008 9] JSJL±KW LtzMtemBO) 2 oxii -tlx* y 
[0 0 9 0] 

ffliz*4tt»i*ja±ttMLfcay-(?**a)-e-t<3!)iftw* 

[0®<Dfflf#feiftBJ] 

[Hi] B1(D (A) fttfBKD (B) (45B*SEao>fc 

[H2] H2I4EDF (i;i/t^AK-^7-f/fl l= 
fclt^FWM (Qftsfta*) *»BLfc»«l3R*«r^ 

[13] B!3(*a2(D|IKfCfcL>TFWMlZj;y*i:fc 

[H4] ■4i£«aai=j:«saKaa)/i:Aa)«aa>a 

1 ftaj»aa>l»lliH-Cfc«. 

[15] H5tt**Mlc*436*JE«<Dfc«>a)*aa)JB 

2 £Jfefl$naffiffiB-C fe £ o 

[16] l6(4*^|cJ:^;fift^(D^^(D^;£CDm 

3 Sffifl^CDBtHBT? fc 6 o 

[17] B7id:«ani=<»:«iKAKaa)fetf>osaa)a 

[is] B8i4**wizj:*aftseaa)fc«)a)i$«a)» 

2*a»a*»-r^n^*B-c**. 

[19] B9i»»Kic<t«isaKaa)^:«)Ottaa)a 

[no] n ott**wicj:*a*xa<Dfci6a)s« 
a>«4Sta»a*s-r^p^^B-e** 0 

[11 1] 11 i ltt§£mz&%fe&&&<Dtzdb<D&Wi 

a>«5*a»a*»-r^p^^B-e**o 

[11 2] 11 2tt*«B^rcJ;^iftSa[«<Dfcto<DSB 
©»6j|J|»Bt#t^D^9B'C*4 Q 

[li 3] n 3»«iBWl3J:«»ftKaa)fe«)a)Sa 
(DM 7 S8«S»ffl***-B-Cft4o 

[11 4] 11 41*11 3fC^S*L*a*ftft**<D» 

jt*aa)»MBT?*4o 

[»#<D|^0^] 

12. 12' IJI/t^AK-^7^/< (EDF) 

1 4. 3 0. 8 0. 8 2 Jltr-fVU— * 

1 6 yt^J^ZflsW 

1 8. 2 0. 2 8. 5 2 U— *f&41r— K 

22. 2 4. 2 6. 7 4 WDM^3^7 

3 2 3fe*^ifi^^-r;u^ 

54 %774'< 

s 4 ssxax? 

8 6 7xVU— ;u 

FG. FG (#1) , FG (#2) 77^/^U-f 
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ill 



[02] 



(A> 



EDFtZi3it-SFWM$«BU^: 



2ojp-oj*) 



(B) 



m«t<cos)- 
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A(on). 

A(<U 3 ) 
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A(a>iX A(a>2). A(o>3). 

A (C01+O)Z-C03), 

A (coi+a>2+cu3) 
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[05] 



12B 



A(oai), 

A(«2) 



A(coi). A(to2). A(o>3). 

A (dd 1 + 0) 2- 0)3), 
A (OJI + CO 2+0)3) 
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[01 4] 

m 1 3 iz*t£ft*&mm&m*<Dmm*&(D3tw& 
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86 34 
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